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INTRODUCTION 
The pintail is among the most common of North American waterfowl and 
ranked second only to the mallard (Anas piatyrhynchos) in hunter kill during 
1969 and 1970 based on statistics reported by Croft (1971). Despite its 
common occurrence, information is lacking on feeding ecology during the 
breeding period. Martin e£ a]^. (1951) noted that nearly all of 787 pintails 
utilized in their food habits analyses had been taken in fall and winter. 
During the past decade, the food habits of most other major species of 
ducks breeding in the prairie pothole region have been described (Perret, 
1962; Bartonek and Mickey, 1969a; Dirschl, 1969; Swans on and Nelson, 1971). 
A study of pintail feeding ecology was considered necessary because 
the shallow wetland habitat where pintails breed in the prairie pothole 
region is undergoing drastic modification from organized drainage, tillage 
and other land-use practices. Specific major goals were to: (1) determine 
food habits of adult pintails in major foraging habitats, (2) study 
feeding ecology of hens from the standpoint of reproductive stage, especially 
during egg formation, (3) investigate certain nutrient aspects of pintail 
reproduction, and (4) determine the magnitude of mercury in liver tissue 
and egg of pintail hens. 
Nutrient needs of breeding hen waterfowl in free-living environments 
are poorly understood. Until recently, information on dietary needs of 
breeding wild waterfowl has been limited largely to the study of Holm and 
Scott (1954) which dealt with prepared diets fed under captive conditions. 
In the present investigation, nutrient selection was evaluated during 
certain reproductive stages. Food habits information gathered in the 
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field was tested in controlled e:!qperiments. Condition of wild hens was 
studied to more fully understand the contribution of metabolic reserves 
to reproduction. 
The last segment of this investigation considers mercury accumulation 
in breeding pintail hens in North Dakota and its relationship to feeding 
ecology. Food habits information can provide important clues as to the 
source of various toxic materials accumulating in wildlife. Stickel 
(1968:5) states "quantities of pesticide in tissues of wild birds are 
related to their food habits, and presumably are primarily a reflection of 
contamination of the food supply." 
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STUDY AREA 
Pintails were collected primarily in Stutsman and Barnes Counties of 
eastern North Dakota (Figure 1). The Northern Prairie Wildlife Research 
Center near Jamestown served as the base of operations throughout the 
study. Experimental studies and laboratory research were conducted at 
the Center. 
Collecting occurred within the Missouri Coteau and Drift Prairie 
which together form the prairie pothole area of the state. The most 
outstanding fcatuxes of the Coteau are its hilly topography and wetlands. 
The almost complete lack of natural drainage has resulted in the formation 
of tens of thousands of marshy depressions called "sloughs" or "prairie 
potholes". Clayton (1967) states that topography of the Coteau is almost 
entirely of glacial origin. A detailed description of vegetation, soils, 
and wetland wildlife of the Missouri Coteau in Stutsman County is presented 
by Trauger (1967). 
The Diift Prairie generally is much less rolling than the Coteau so 
wetlands are more shallow and easily drained. Proposed and approved 
Government financed watershed projects threaten to destroy a large segment 
of the remaining less drainable wetland habitat still in private ownership 
in the Drift Prairie area. Most of the native prairie which formed the 
dominant vegetation of the study area at the time of settlement has 
disappeared during the past 80-90 years. Only in a few areas of the 
Missouri Coteau do tracts of up to several thousand acres remain unplowed. 
These areas occur where topography, stones, higji wetland density, or soil 
type have discouraged tillage to date. Much of the remaining private 
Figure 1. Map of the study area. 
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grassland in eastern North Dakota supports a cattle ranching industry. In 
recent years there has been an extensive conversion of livestock-small 
grain farms to single purpose grain operations throughout the study area. 
The prairie pothole region, including the segment in North Dakota, 
is the principal waterfowl production area of the continent. While 
comprising only 10 percent of the total waterfowl breeding area, it produces 
50 percent of the duck crop in an average year (Smith e^ a^., 1964). A 
small but important segment of this region has been acquired by the Bureau 
of Sport Fisheries and Wildlife during the past decade under the small 
wetlands acquisition program enacted by Congress (P.L. 87-383) in 1961. 
Bureau owned tracts, ranging in size from a few acres to over 1000 acres, 
protect valuable wetland habitat and often preserve remnants of ungrazed 
native prairie. These waterfowl production areas provide essential habitat 
for many of the prairie and wetland fauna that are being forced to abandon 
private lands due to habitat destruction. One hundred and thirty-nine 
thousand acres of upland and marsh were acquired under this program in 
North Dakota up to December 24, 1970, and an additional 571,033 acres of 
privately owned wetlands had been protected from drainage by perpetual 
easements (Erickson, personal communication). 
The massive "soil bank" land retirement program that began in the 
late fifties had largely disappeared by the time this study was initiated 
but some farmland remained out of production under the Cropland Adjustment 
Program (CAP). Such programs apparently have a very positive impact on 
prairie waterfowl production. Duebbert (1969) reported higji waterfowl 
nest densities and hi^ nest success in dense cover created through the 
CAP program in Edmunds County, South Dakota while Higgins (1970) found 
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nest density and nest success to be low in cropland in Stutsman County, 
North Dakota. Among prairie waterfowl, the pintail most readily nests in 
the sparse cover of cropland but studies have indicated a hi^ nest loss 
there from agricultural practices (Goelitz, 1918; Milonski, 1958). 
The human population of the study area has declined markedly in recent 
decades concurrent with a changing agricultural economy. From 1960 to 1970, 
Stutsman County and Barnes County population declined 6.3 and 12.3 percent, 
respectively (Voelker and Ostenson, 1971). More efficient farming methods 
have made possible steadily increasing farm size and more intensive land 
use. In 1971, the average farm unit in the state contained 1,024 acres 
(U. S. Department of Agriculture and North Dakota State University, 1970). 
The principal uses of farmland in Stutsman and Barnes Counties during 1969 
and 1970 are shown in Table 1. The study area has an average growing 
season of 120 days and an average annual precipitation of 18-22 inches 
(Dietrich and Hove, 1962). 
Pintails were collected primarily on private lands. Sampling of birds 
was facilitated by higji breeding populations during 1969 and 1970, State­
wide, pintail numbers in May of 1970 were up 31 percent from 1969 and 104 
percent above a 22-year average (Schroeder, 1970). Early spring of 1971 
was dry and pintail numbers were much reduced from the two preceding years. 
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Table 1. Acreage of Stutsman and Barnes Counties seeded to principal 
crops and held in certain other land-use categories during 
the period of study. 
Number of Acres^ 
Land Use Stutsman County Barnes County 
1969 1970 1969 1970 
Wheat 229,000 213,800 172,500 170,500 
Barley 73,500 62,500 122,500 110,500 
Oats 110,000 125,000 86,000 94,000 
Flax 55,000 63,000 50,500 54,500 
Rye 8,000 8,000 7,000 7,500 
Summerfallow 239,000 - 179,000 -
Hayland 66,000 - 22,000 -
Alfalfa 70,000 - 28,000 -
^Acreage estimates reported by U. S. Department of Agriculture and North 
Dakota State University (1970). 
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FOODS OF BREEDING PINTAILS IN NORTH DAKOTA 
This study was initiated to determine the diets of breeding drake and 
hen pintails in three major foraging habitats during spring and early-
summer in eastern North Dakota. These foraging habitats are: (1) non-
tilled shallow wetland, (2) tilled wetland and (3) cropland. 
Information on food habits of breeding North American pintails is scant. 
Martin e^ a^. (1951) reported that nearly all of 787 pintails utilized in 
their food habit investigations were collected in fall and winter. No 
studies of breeding pintail food habits have occurred since that time. 
A major aspect of this study was to define diet of pintails on tilled 
wetlands. Knowledge of diet in this habitat is needed to help evaluate 
the impact of tillage on waterfowl and on wetland ecosystems. 
Methods 
Only feeding pintails were sampled for food habits analyses to assure 
that each esophagus could be utilized. To minimize post-mortem digestion, 
the digestive tract was removed immediately after collecting and food items 
in the esophagus were flushed into bottles containing 80 percent ETOH. 
Food habits data are based entirely on esophageal contents because Swanson 
and Bartonek (1970) have demonstrated that use of gizzard contents inflates 
the importance of seeds in the diet. 
Habitat was described at each wetland sampling site. Shallow non-
tilled wetland habitat includes low prairie, wet meadow and shallow marsh 
zones as described by Stewart and Kantrud (1971) while tilled wetland 
habitat refers to habitat which had been cultivated while dry during the 
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current year or after mid-summer of the previous year. Typical shallow 
non-tilled and tilled wetland habitats are shown in Figures 2 and 3. 
Esophageal food items were identified, segregated, and volumetrically 
measured while wet by water volume displacement. To reduce bias in volumetric 
analyses from variation in quantity of food present in esophageal contents, 
the following procedure was used: (1) the percent volume of each food was 
determined for each pintail, (2) individual percent volumes of that food were 
summed, and (3] the sum was divided by the total number of birds within 
that group. Swanson and Krapu (unpublished manuscript] have discussed 
certain advantages of this method which has been called the aggregate 
percentage method by Martin e^ (1946) . Dietary differences among various 
groups were tested for statistical significance using "students" t-test 
(Snedecor, 1956) . The 95 percent confidence interval is given with volume 
values presented in the text. Food habits data refers to volumetric 
measurements unless stated otherwise. 
Plant foods were identified as to genus and frequently as to species 
with the aid of Martin and Barkley (1961). All invertebrates were 
identified to order and some to family using Pennak (1953). 
Results 
Food Habits on Non-tilled Wetland Habitat 
Invertebrates comprised 66.2 ^  H.O percent of the diet of the 53 adult 
pintails collected while feeding on non-tilled shallow wetlands during the 
spring and early summer of 1969, 1970, and 1971. Aquatic dipterans, 
primarily larvae, snails, fairy shrimp, and earthworms accounted for 91 
percent of the animal portion of the diet (Table 2). Midge larvae, the 
principal dipteran consumed, formed 16 percent of the total diet. 
Figure 2. Typical shallow wetland with non-tilled bottom soils. 
Figure 3. Typical shallow wetland with tilled bottom soils. 
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Table 2. Esophageal contents of 53 breeding pintails collected while feeding on shallow non-tilled 
wetlands in North Dakota during 1969, 1970, and 1971. 
Male Female 
Food Item Common Name 
(part of type) 
Percent 
Occurrence 
Percent 
Volume 
Percent 
Occurrence 
Percent 
Volume 
(Nuriiber sampled) 
Plant 
Alisma sp. 
Ambrosia spp. 
Beckmannia syzigachne 
Carex spp. 
Chenopodium album 
Echinochloa crusgalli 
Eleocharis spp. 
Glyceria spp. 
Hordeum jubatum 
Hordeum vulgare 
Phalaris arundinacea 
Polygonum spp. 
Potamogeton spp. 
Riccia sp. 
Rumex spp. 
Sagittaria sp. 
Scirpus spp. 
Scolochloa festucea 
Setaria spp. 
Suaeda depressa 
Triticum aestivum 
(14) (14) (39) (39) 
Water plantain (seed) 21 1.9 8 .1 
Ragweed (achenes) 7 3.0 10 .7 
Sloughgrass (caryopses) 7 6.6 13 2.5 
Sedge (achenes) 13 .2 
Lambsquarters (utricles) 21 1.4 5 .2 
Barnyard grass (caryopses) 43 4.3 26 1.8 
Spikerush (achenes) 21 .7 8 .7 
Mannagrass (caryopses) 21 6.5 15 1.7 
Wild barley (caryopses) 7 .9 5 1.8 
Barley (caryopses) 7 4.2 5 
•t Reed canary grass (caryopses) 7 7.1 3 tr 
Smartweed (achenes) 28 .2 5 tr 
Pondweed (achenes) 14 4.9 5 1.5 
Liverwort (vegetative) 7 .2 
Dock (achenes) 14 .2 18 .5 
Arrowhead (tubers, seed) 7 4.6 5 tr 
Bulrush (achenes) 5 tr 
Whitetop (caryopses) 14 tr 13 1.7 
Foxtail (caryopses) 7 .2 
Seablite (seed) 14 13.5 
Wheat (caryopses) 7 7.0 10 1.9 
Zanichellia palustris 
Zea mays 
Other 
Horned pondweed (nutlets) 
Corn (caryopses) 
Total plant matter 
Animal 
Anostraca 
Cladocera 
Coleoptera 
Conchostraca 
Diptera 
Gastropoda 
Hemiptera 
Hirundinea 
Odonata 
Oligochaeta 
Ostracoda 
Trichoptera 
Total animal m&tter 
Fairy shrimp 
Water fleas 
Water beetles (adults, larvae) 
Clam shrimp 
Flies (larvae and pupae) 
Snails 
Water boatman 
Leeches 
Damselflies (nymphs) 
Earthworms 
Seed shrimp 
Caddisflies (larvae) 
^tr-trace; less than 0.1 percent. 
2 . 8  
86 70.0 
21 3.8 
50 .6 
29 .2 
43 20.5 
50 4.6 
14 tr 
7 .1 
7 .2 
93 30.0 
. 1  
2.4 
2.5 
20 .8  
10.9 
1 . 2  
3.0 
2 . 2  
27.9 
22.5 
. 1  
.5 
. 1  
10.1 
. 1  
. 6  
79.2 
5 
3 
62 
21 
5 
51 
10 
64 
62 
8 
8 
5 
13 
5 
8 
100 
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Invertebrate consumption differed significantly between sexes 
(P<0.001). Esophageal contents of 39 hens averaged 79.2 +_9,9 percent 
animal matter while 14 drakes averaged 30.0 +_ 24.2 percent animal foods 
(Table 2). Dipteran larvae formed 35 percent of the animal matter in 
the diet of breeding hens. Snails, fairy shrimp, and earthworms, in that 
order, accounted for most of the remaining animal foods consumed by hens. 
Twenty-two plant genera were identified in the diet of pintails 
collected while feeding on shallow non-tilled wetland habitat but most 
were present in very limited quantity (Table 2). Seeds of slough grass 
(Beckmannia syzigachne) , com (Zea mays), wheat (Triticum aestivum) , barn­
yard grass (Echinochloa crusgalli), wild barley (Hordeum jubatum), and 
pondweed (Potamogeton spp.) were the dominant plant foods of hens on a 
volumetric basis. None of these foods occurred in more than approximately 
one-quarter of the birds. 
Food Habits on Tilled Wetland Habitat 
Plant foods formed 88.6 10.4 percent of the diet of 21 pintails 
collected while feeding on tilled wetlands (Table 3). Barnyard grass 
accounted for slightly less than two-thirds of the entire diet in this 
habitat and occurred in 81 percent of the birds. Barnyard grass seed was 
the food item most frequently taken by both sexes throu^out spring and 
summer. This plant is well adapted to wetland tillage because it germinates 
after water levels recede in late spring and summer and produces seed prior 
to fall tillage. It is a dominant annual in the cropland drawdown phase 
of Class II fresh temporary ponds (Stewart and Kantrud, 1971). 
Invertebrate consumption by hens was significantly lower than on non-
tilled habitat (P^O.OOl). Invertebrate content in the diet of drakes did 
Table 3. Esophageal contents of 21 breeding pintails 
in North Dakota during 1969, 1970, and 1971 
Food Item Common Name 
(part or type) 
(Number sampled) 
Plant 
Amaranthus sp. 
Ambrosia spp. 
Avena sativa 
Beckmannia syzigachne 
Carex spp. 
ChenopodiuDi album 
Echinochloa crusgalli 
Eleocharis acicularis 
Glyceria spp. 
Linium usitatissimum 
Polygonum spp. 
Rumex spp. 
Scirpus spp. 
Scolochloa festucea 
Setaria lutescens 
Setaria viridis 
Triticum aestivum 
Other 
Total plant matter 
Pigweed (seed) 
Ragweed (achenes) 
Oats (caryopses) 
Sloughgrass (caryopses) 
Sedge (achenes) 
Lambsquarters (utricles) 
Barnyard grass (caryopses) 
Spikerush (achenes) 
Mannagrass (caryopses) 
Flax (caryopses) 
Smartweed (achenes) 
Dock (achenes) 
Bulrush (achenes) 
Whitetop (caryopses) 
Yellow foxtail (caryopses) 
Green foxtail (caryopses) 
Wheat (caryopses) 
collected while feeding on shallow tilled wetlands 
Male Female 
Percent Percent Percent Percent 
Occurrence Volume Occurrence Volume 
( 7) 
29 
29 
57 
43 
14 
57 
43 
14 
100 
( 7) (14) 
28 
7 
21 
14 
93 
14 
71 
21 
14 
7 
50 
14 
21 
99.0 100 
(14) 
. 2  
.4 
71.1 
. 1  
.3 
, 1  
tr 
1 . 0  
8.5 
. 1  
1.3 
.3 
83.5 
1 .0  
55.1 
2 . 2  
4.5 
14.6 
14.1 
6.7 
Animal 
Anostraca 
Coleoptera 
Conchostraca 
Diptera 
Gastropoda 
Oligochaeta 
Trichoptera 
Total animal matter 
Fairy shrimp 
Water beetles (adults, larvae) 
Clam shrimp 
Flies (larvae and pupae) 
Snails 
Earthworms 
Caddisflies (larvae) 
*tr=trace; less than 0.1 percent. 
29 2.8 
57 2.3 
7 .2 
14 .1 45 8.4 
14 .9 43 1.3 
7 1.2 
14 .3 
29 1.0 86 16.5 
18 
not differ significantly from non-tilled to tilled wetlands (P>0.05). 
Invertebrates comprised 1 ^  2.2 percent of the diet of seven drakes taken 
while feeding in this habitat. Sweep net and bottom availability samples 
collected at feeding sites on tilled wetlands indicated invertebrate 
numbers were generally low until late spring when midge larvae became 
relatively abundant on some ponds. 
Food Habits on Cropland 
Pintails field-feed regularly on uplands devoted to cereal grain 
farming. This trait has existed for several decades as Mabbott (1920:33) 
noted the occurrence of wheat, barley (Hordeum vulgare) and oats (Avena 
sativa) in the diet in the early decades of this century. He referred to 
a pintail consuming oats in North Dakota in June. Bossenmaier and 
Marshall (1958:8) in their extensive discussion on waterfowl field-feeding 
in southern Manitoba hypothesized that major changes in crop composition 
which began about 1920 followed by changes in harvesting methods led to 
increased field-feeding by ducks. Pintails observed and collected while 
field-feeding in spring and early summer during this study had consumed 
both seed remaining after planting and waste grain from the previous harvest. 
Field-feeding was observed most frequently during spring migration and 
after planting in May and early June. 
Cereal grain accounted for 86.5 +_ 15.7 percent of the diet of 12 
pintails collected while feeding on cropland. Wheat was the principal food 
consumed by ten hens (Table 4) and esophageal contents of two field-feeding 
drakes was exclusively wheat. The frequent occurrence of wheat in the diet 
of field-feeders presumably is related to its hi^ availability on the 
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Table 4. Esophageal contents of 10 field-feeding pintail hens collected 
during spring and early summer of 1969 and 1970 in eastern 
North Dakota. 
Food Item Percent by 
Common Name 
Scientific Name (part or type) Occurrence Volume 
Plant 
Avena sativa Oats (caryopses) 10 5.2 
Beckmannia syzigadine Slou^grass (caryopses) 10 tr^ 
Echinochloa crusgalli Barnyard grass (caryopses) 10 .1 
Hordeum vulgare Barley (caryopses) 20 10.0 
Linium usitatissimum Flax (caryopses) 10 tr 
Triticum aestivum Wheat (caryopses) 90 68.4 
Other 10 .1 
Total plant matter 100 83.8 
Animal 
Coleoptera Water beetles 20 2.3 
Conchostraca Clam shrimp 10 1.0 
Diptera Flies (larvae, pupae) 20 .2 
Gastropoda Snails 20 7.3 
Nematoda Roundworms 10 .1 
Oligochaeta Earthworms 10 .7 
Odonata Damselflies (nymphs) 10 .7 
Trichoptera Caddisflies (larvae) 20 3.9 
Total animal matter 30 16.2 
^tr=trace; less than 0.1 percent. 
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area. Statistics of the U. S. Department of Agriculture and North Dakota 
State University (1970) indicate that wheat is the principal cereal crop 
raised in Stutsman and Barnes Counties (Table 1). However, preference 
may be involved because Hammond (1961:72) reported that pintails consumed 
wheat more rapidly than barley and both wheat and barley were preferred 
to oats. 
Food choice on cropland appeared limited with cereal grain providing 
most of the available food. The 16 percent animal matter in the 
esophageal contents of the ten hens consisted entirely of aquatic 
invertebrates that had been consumed on wetlands prior to field-feeding. 
Discussion 
Food habits information on pintails gathered during this study indicates 
that invertebrate foods are an important part of the diet, particularly 
among hens, during the breeding period. Previous food habits data gathered 
on non-breeding pintails from throughout North America have shown the 
species to be primarily vegetarian (Anderson, 1959; Chamberlain, 1959; 
Glasgow and Bardwell, 1962; Keith and Stanislawski, 1960; Martin, Zim and 
Nelson, 1951; Mabbott, 1920; McGilvrey, 1966; McMahan, 1970; Munro, 1944; 
and others). In some instances the difference in diet may be related to 
techniques used to gather food habits information. However, there is 
considerable evidence to suggest that animal foods increase markedly in 
importance in the pintail diet during the breeding period. 
Greater invertebrate consumption by pintail hens than drakes conforms 
with food habits information reported by Perret (1962:39) for breeding 
mallards, Bartonek and Hickey (1969:282) for canvasback (Aythya valisineria), 
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and by Swanson and Nelson (1971:67) for blue-winged teal (Anas discors) 
and gadwall (Anas strepera). 
Overlap in breeding pintail diet with that of other waterfowl appears 
most frequent late in the nesting season when midge larvae become highly 
abundant in many prairie wetlands. These dipterans have been reported 
regularly occurring in the diet of canvasbacks, lesser scaup (Aythya 
affinis) and redheads (Aythya americana) (Bartonek and Hickey, 1969a) . 
and mallards (Perret, 1962). Diet overlap late in the nesting season 
undoubtedly is influenced by changing water conditions which tend to 
displace pintails from shallow ponds to more stable habitat also being 
utilized by several other species. Midge larvae are often available to 
both bottom and surface feeders which increases the number of waterfowl 
species consuming them. 
Food habits data demonstrate that annual tillage of wetland bottoms 
drastically changes food availability from that existing prior to 
tillage. Pintails attracted to flooded tilled wetlands consumed a diet 
composed largely of barnyard grass seeds. At most collecting sites in 
tilled wetlands, free-swimming and benthic invertebrates were scarce, 
particularly early in the breeding season. Waterfowl use of wetland habitat 
during the breeding period appears to be lowered by tillage. Stewart and 
Kantrud (unpublished manuscript) reported that 43.9 percent of the 
breeding waterfowl pairs in the prairie pothole area of North Dakota were 
in temporary and seasonal wetlands while only 11.5 percent were found in 
tilled wetlands from 1967-69. In 1967, 29.3 percent of the wetland 
acreage and 51.7 percent of the total number of wetlands in the prairie 
pothole area of North Dakota had tilled bottoms. Their study indicated 
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that pintail use of tilled ponds was highest of all waterfowl species with 
24.5 percent of the breeding pairs being found,there. The present 
magnitude of wetland tillage in the prairie pothole region and the 
limited information available on its impact on wetland productivity 
suggest a need for additional research. Long term studies of wetland 
productivity, undertaken prior to and after various tillage techniques 
have been applied, would improve our capability to predict the impact 
of wetland tillage on wildlife production. Such knowledge would be 
useful in estimating wildlife production resulting from the "water bank" 
and other land retirement programs that prohibit disturbance of wetland 
bottom soils. 
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FEEDING ECOLOGY OF PINTAIL HENS DURING REPRODUCTION 
Several environmental parameters are known to regulate breeding cycles 
of birds. Marshall (1961) acknowledged eight specific external factors 
which control breeding: li^t, temperature, rainfall and associated 
factors, breeding area, territory, nesting site and materials, food supply, 
and behavioral interactions. This study considered the role of food 
supply in regulating the breeding cycle of the pintail. Biologists have 
suggested that invertebrates are a necessary component of the diet of 
laying waterfowl (Moyle, 1961:2; Leitch, 1964:279; and Krull, 1968:12). 
Therefore, a major purpose of this investigation was to evaluate whether 
hen pintails selectively consume invertebrates during the laying period. 
Methods 
The basic procedures used in sampling and in handling of food habits 
data were similar to those described in Section 1. 
To relate food habits to specific reproductive stages, feeding lone 
and paired hens of unknown reproductive condition were collected in their 
principal foraging habitats from April through June. Following removal 
of esophageal contents, hens were brought to the laboratory for dissec­
tion. Each ovary was removed and weighed to the nearest one-tenth gram, 
and examined for ruptured ovarian follicles. Ovarian condition served 
as the principal criterion for distinguishing pre-laying and laying hens. 
A pre-laying hen had an ovary that was enlarging rapidly (^.0+ gms) but 
laying had not yet been initiated. The laying category included those 
hens having laid at least one egg while retaining at least one egg yet 
to be laid. Hens placed in the post-laying category had laid at least 
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one clutch and showed no development of the ovary preliminary to renesting. 
A series of regressing ruptured follicles and a well developed brood 
patch served to identify this group. Phillips and van Tienhoven (1962:296) 
note that ovary condition changes rapidly so that, by the sixth to eighth 
day of incubation, the ovary is as small as in hens taken from migrating 
flocks in early spring. Ovulated follicles regress and their lips fuse 
quickly, making them indistinguishable from small atretic follicles. 
Hence, the reason for examining brood patch. 
Weight measurements were taken to provide information on condition 
of hens at certain stages of the reproductive cycle. Carcass weight and 
visceral fat of hens were measured on a Pennsylvania Scale and an Ohaus 
triple beam balance, respectively. Carcass weight in this study is defined 
as the weight (in gms) of a feathered hen with internal organs removed. 
Use of the carcass reduced weight differences not attributable to changes 
in metabolic reserves. It eliminated weight variation attributable to 
ovary or oviduct size and the fullness of the digestive system. 
After extensive research on lipid deposition in birds, Connell e]t 
al. (1960:1) concluded that fat-free weight is remarkably constant for a 
given species and sex. Odum et al. (1964:1037), in discussing weight 
loss in migratory birds, stated that "components of the nonfat body 
remain essentially homeostatic despite very large and rapid changes in 
total body weight." Harris (1970:753) stated that, except for weight 
changes caused by involution of the ovary and oviduct, blue-winged teal 
weight loss from laying of the 7th egg until day 5 of incubation can be 
considered loss of metabolic reserves with the major loss probably 
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being utilization of fat. On the basis of the above studies, it was 
believed that carcass weight would provide an accurate estimate of the 
relative importance of metabolic reserves at various periods during the 
breeding season. 
Results 
Foods of Pre-laying Hens 
Esophageal contents of feeding pre-laying hens collected from 16 
April to 19 June averaged 56.0 +_27.1 percent animal matter in their diet 
with snails and dipteran larvae accounting for two-thirds of the 
invertebrates consumed (Table 5). Midge larvae (dipteran family Chironomidae) 
formed 21 percent of the animal matter in the diet. Odonates ranked third 
among animal foods but, unlike snails and dipterans, were an important 
item in the diet on only one occasion when a hen was feeding almost 
exclusively on damselfly nymphs that were rising to the water surface. 
Seeds of barnyard grass and yellow foxtail (Setaria lutescens) formed 
48 percent of the plant portion of the diet. Barnyard grass is a dominant 
annual in the cropland drawdown phase of the Class II fresh temporary ponds 
(Stewart and Kantrud, 1971) and yellow foxtail is an annual grass of crop­
land. Both foods were fed tçon in flooded tilled ponds of cropland. Duck­
weed (Lemna minor) was the dominant food item in the diet of a single 
specimen. This was the only instance in which vegetative matter occurred in 
significant quantity in the diet. 
Foods of Laying Hens 
Invertebrate content in the diet was highest during the period when 
eggs were being laid but did not differ significantly from pre-laying 
Table 5. Esophageal contents of breeding pintail hens. 
Food Item Percent Occurrence Percent Volume 
Scientific Name Common Name Pre-laying Laying Post-laying Pre-laying Laying Post-laying 
(Sample size) (14) (31) (16) (14) (31) (16) 
Plant 
Alisma spp. 
Amaranthus sp. 
Ambrosia spp. 
Avena sativa 
Beckmannia syzigachne 
Carex spp. 
Chenopodium album 
Echinochloa crusgalli 
Eleocharis spp. 
Glyceria spp. 
Hordeum jubatum 
Hordeum vulgare 
Linium usitatissimum 
Lemna minor 
Polygonum spp. 
Potamogeton spp. 
Rumex spp. 
Riccia sp. 
Sagittaria sp. 
Scirpus spp. 
Scolochloa festucea 
Water plantain (seeds) 7 
Pigweed (seeds) 
Ragweed (achenes) 
Oats (caryopses) 
Sloughgrass (caryopses) 7 
Sedges (achenes) 14 
Lambsquarters (utricles) 
Barnyard grass (caryopses) 21 
Spikerush (achenes) 14 
Mannagrass (caryopses) 7 
Wild barley (caryopses) 7 
Barley (caryopses) 
Flax (caryopses) 7 
Duckweed (vegetative) 7 
Smartweed (achenes) 21 
Pondweed (nutlets) 
Dock (achenes) 7 
Liverwort (vegetative) 7 
Arrowhead (seeds) 
Bulrush (achenes) 21 
Whitetop (caryopses) 7 
Setaria lutescens Yellow foxtail (caryopses) 21 
7 
10 
13 
3 
13 
10 
3 
29 
10 
7 
3 
7 
3 
16 
3 
10 
3 
7 
3 
6 
6 
6 
25 
6 
31 
6 
13 
13 
6 
30 
25 
6 
6 
6 
30 
tr 
tr 
13.6 
2.3 
tr 
tr 
tr 
5.0 
5.1 
.7 
tr 
tr 
1 . 1  
7.7 
tr 
. 1  
.9 
. 2  
. 1  
tr 
tr 
8 . 1  
tr 
.3 
2 . 0  
.3 
. 1  
tr 
tr 
. 1  
.4 
1.7 
tr 
a 
tr 
tr 
3.3 
4.2 
tr 
16.2 
. 1  
3.0 
6.3 
tr 
tr 
, 1  
tr 
tr 
. 1  
1 . 2  
Setaria viridis 
Triticum aestivum 
Zea mays 
Total plant matter 
Animal 
Amphipoda 
Anostraca 
Cladocera 
Coleoptera 
Conchostroca 
Diptera 
Gastropoda 
Hemiptera 
Hirundinea 
Hydracarina 
Nematoda 
Odonata 
Oligochaeta 
Trichoptera 
Total animal matter 
Green foxtail (caryopses) 14 
\Vheat (caryopses) 7 
Corn (caryopses) 
64 
Scuds 7 
Fairy shrimp 14 
Water fleas 14 
Water beetles (ad., larvae)38 
Clam shrimp 7 
Flies (larvae and pupae) 33 
Snails 29 
Water boatman 29 
Leeches 14 
Water mites 7 
Roundworms 
Damselflies (nymphs) 14 
Aquatic earthworms 
Terrestrial earthworms 
Caddisflies (larvae) 7 
79 
^tr=trace; less than 0.1 percent. 
tr .1 tr 
13 63 1.1 5.6 36.6 
3 3.0 
65 74 44.0 22.9 71.1 
3 .1 tr 
29 2.7 13.9 
3 3.6 tr 
52 44 2.3 2.7 5.8 
3 19 .3 tr 2.6 
52 50 25.8 33.5 6.9 
65 38 12.2 14.8 10.2 
6 .5 tr 
6 .1 1.2 
tr 
3 tr 
6 6.6 .5 
3 .5 
16 6 11.0 .4 
19 6 1.8 .7 1.3 
97 69 56.0 77.1 28.9 
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(Figure 4). Dipterans, fairy shrimp, earthworms, and snails accounted 
for 95 percent of the 77.1 ^  11.6 percent animal portion of the diet of 
layers collected from 18 April through 22 June. Dipteran larvae and 
gastropods were major food items throughout the nesting season while fairy 
shrimp and earthworms occurred in the diet only during April and early 
May. 
Midge larvae [family Chironomidae) comprised two-thirds of the dipterans 
present in esophageal contents. Other dipteran families identified from 
esophageal samples were Culicidae, Syrphidae, Stratiomyidae, Ephydridae, 
Tipulidae, Tabanidae and Ceratopogonidae. Dipterans were taken 
in a diverse array of habitats ranging from temporary pools remaining after 
spring rains (Culicidae) to rccsding semipermanent marshes (Stratiomyidae). 
Invertebrate consumption of the diet varied widely from early to late 
spring as habitat conditions changed but the proportion of invertebrates 
in the diet of laying hens remained high throughout the breeding season. 
Late-nesting pintails frequently gather to feed in wetlands where midge 
larvae are abundant in organic detritus flooded during the current or 
previous spring. Esophageal contents of five hens collected in May from 
feeding groups of from 3-7 pairs averaged 96 percent midge larvae. Two 
of these hens were about to initiate laying and three were in the laying 
stage. Midge larvae formed 24 percent of the entire diet of 29 pintail 
hens collected during May of 1969 and 1970. Consumption of midge larvae 
by pintails during breeding is not restricted to North America. Dement'ev 
and Gladkov (1967:416) reported that during May and June at Rybinsk 
storage reservoir in the USSR the animal portion of the pintail diet 
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increased 70.5 percent with midge larvae increasing to form 30 percent 
of the total diet. 
The limited importance of plant foods in the diet of hens during 
the laying stage is shown in Table 5. Seeds of barnyard grass and wheat 
formed 60 percent of the plant foods consumed during this period. 
Foods of Post-laying Hens 
Invertebrate consumption among sampled pintail hens declined 
significantly from laying to post-laying (Figure 4). Animal foods 
accounted for only 28.9 ^ 21.1 percent of the diet of 16 post-laying hens 
collected from 19 May to 30 June. Snails, dipterans (principally midge 
larvae), and water beetle larvae were the principal animal foods 
occurring in the diet. Snails were the only major invertebrate that 
continued to be consumed in substantial quantity following laying 
(Table 5). The esophagus of one post-laying hen contained 960 snails. 
The snail (Lymnaea palustris) was the principal gastropod consumed 
throughout the breeding season. Preble (1908) previously reported 
finding pintails feeding on this species of snail in northern Canada. 
Empty snail shells often were consumed by pintail hens in North Dakota. 
Post-laying hens appeared to feed more on cropland and flooded 
tilled wetlands than did laying hens. Cereal grain, principally wheat, 
occurred frequently in the diet of post-layers during late spring and 
early summer. Wheat was generally obtained from cropland while barnyard 
grass was filtered from bottom sediments of flooded tilled wetlands. 
Hens feeding on cropland were frequently alone and brood patch condition 
frequently suggested recent incubation. Wheat and barnyard grass 
Figure 4. Invertebrate consunption by pintail hens during pre-laying, 
laying, and post-laying stages of the reproductive cycle. 
Animal matter percentage is shaded. The values of P indicate 
the probability of the conçared reproductive stages being 
similar. 
POST- LAYING 
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comprised 74 percent of the plant portion of the diet and seeds of at 
least one occurred in 69 percent of the esophageal samples of post-
layers . 
Feeding Behavior 
Pintails forage primarily on or near the bottom of shallow wetlands. 
Their long necks and tipping feeding style permit exploitation of the 
benthic habitat of temporary and seasonal wetlands. Temporary and 
seasonally flooded habitat where breeding hens feed during years of 
good water supply lacks submergent aquatic plants and the bottom often 
is covered with detritus from plants which grew at the site during 
drier periods. The low numbers of amphipods, notonectids and odonates 
in the diet reflects the tendency of hens to avoid feeding in sub­
merged aquatic vegetation. Although hens feed primarily on sluggish 
benthic organisms occurring in the detritus and bottom sediments, 
surface-feeding was observed in late spring and summer when midge 
larvae moved to the surface in large numbers to pupate. 
Pintails are adept at separating small seeds from bottom sediments 
in aquatic habitats but, when field-feeding, often consume a considerable 
quantity of soil with the seeds. Terrestrial invertebrates seldom 
occurred in the diet of field-feeding hens. Although pintails regularly 
consumed small seeds in aquatic habitats, small invertebrates were 
seldom taken. Copepods were not recorded and cladocerans occurred only 
in one instance when a pre-laying hen was consuming Daphnia in a roadside 
ditch. In this instance, cladocerans were sufficiently abundant to 
give the water a soup-like appearance. It should be noted that fairy 
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shrimp did not become a major item in the diet until nearing full 
growth. 
Metabolic Reserves 
Pintail hens arrived on the study area each spring with large 
subcutaneous and visceral fat reserves but these stores were depleted 
rapidly as the nesting season progressed. Mean carcass weight +_SD of 
hens declined from 675.5 +_ 68.3 gms in April to 569,9 +. 57.8 gms in May, 
and 537.7 46.9 gms in June. This is a 23 percent average loss in 
carcass weight from April to June. Visceral fat was largely depleted 
by the end of the first week in May (Figure 5) and other fat reserves 
also appear to have been depleted shortly thereafter. HtJhn (1947:290) 
reported that the period of loss of subcutaneous and perivisceral fat 
among mallards coincided with the period of maximal gonadal activity, 
and fat loss was attributed to increased body activity. 
Carcasses of pre-nesting hens taken in mid-April averaged 181 gms 
or 25 percent heavier than renesting pre-laying hens that were collected 
after mid-May. Carcass wei^ts of pre-laying, laying and post-laying 
hens that were collected after May 15 varied only sli^tly (Table 6) . 
Loss of visible fat reserves and the stabilizing of carcass weight 
among hens in the three reproductive stages after mid-May suggests that 
fat reserves had been largely utilized and remaining weigjit differences 
were primarily from structural variation. Fat reserves may have been 
depleted principally during previous incubation. Harris (1970:753) noted 
in blue-winged teal that free fatty acid (FFA) level declined during the 
late weeks of incubation and suggested this was due to depletion of fat 
Figure 5. Visceral fat contained in pintail hens collected during April 
and May. Post-arrival refers to the number of days after 
pintails initially were sighted on the study area. 
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Table 6. Carcass wei^ts of pintail hens at certain stages in the 
breeding cycle. 
Period 
Reproductive 
Stage Mean + SD* N 
April Pre-nesting^ 722.7+67.3 7 
Laying 660.4+62.3 12 
May 15-June 30 Pre-laying^ 541.9+46.6 7 
Laying 541.0+35.4 9 
Post-laying 540.0M3.1 14 
^Carcass weight in grains. 
Hens that had not laid a clutch prior to collection (ovary wt. 
<3.0 grams). 
^Renest based on the presence of a well developed brood patch. 
reserves during incubation. Nearly all pintail hens collected after 
mid-May had brood patches indicating current or prior incubation. 
This information together with statistics on carcass weights of hens 
collected after-May 15 support the view that a substantial fat loss 
occurred during incubation. Carcass wei^t similarity among post-layers 
and hens about to initiate laying on a renest suggest that hens do not 
(and presumably cannot) accumulate major fat reserves in preparation 
for renesting attempts in late spring and early summer. 
A decline in body wei^t during the nesting period have been reported 
previously for the female redhead (Weller, 1957), and female mallard 
(Folk et al., 1966) . 
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Flooding and Food Supply 
The principal aquatic invertebrates consumed by pintail hens result 
from flooding of dried-out shallow wetland habitat. Aquatic invertebrate 
populations on temporary and seasonal wetland habitat result either from 
adults coming to ponds to lay eggs after flooding, or from dormant forms 
able to withstand prolonged dry periods. Fairy shrimp which readily 
survive prolonged drying of wetlands in a resting egg stage (Pennak, 
1953) hatched following flooding of wetland bottoms in early spring and 
became a major food source in 2-3 weeks. It was in those shallow 
wetland habitats where water was maintained most of the breeding season 
or more than one season that midge larvae became the principal food. 
Mosquito larvae (dipteran family Culicidae) often became abundant in 
very temporary wetlands filled by spring and early summer rains, and 
in some instances, were an important food source. 
Earthworms were the first invertebrate to become available to 
pintails during and after extensive flooding of dried-out wetlands in 
the early spring of 1970. Flooding resulted from approximately two 
inches of precipitation during the week of 14-20 April. This moisture 
replenished Class I, II, and III wetlands on the Drift Prairie area of 
eastern North Dakota. Saturation of the soil of dried-out wetlands 
caused earthworms to move to the surface in considerable numbers. Six 
laying hens collected during a two week period beginning 16 April were 
feeding largely on earthworms. Five of the hens were feeding on 
earthworms lying in the water, while one laying hen was obtaining 
earthworms by probing the moist soil of a Class I wetland (Figure 6). 
Fairy shrimp hatched with flooding of the shallow wetlands in mid-April 
Figure 6. The dark spots are holes made by a pintail hen probing the moist soil of a Class 
I wetland on 30 April 1970. The esophagus of this laying hen contained earthworms. 
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and were first observed in the diet on 24 April in 1970. Eight of the 
15 pintail hens collected from 24 April to 5 May contained fairy shrimp 
among their esophageal contents indicating fairy shrimp were a major 
food during the peak of nesting activity. Stranded earthworms formed 
an immediate but temporary food supply following drouth whereas popula­
tions of aquatic organisms required time for growth. The ability of 
pintails to initiate breeding shortly after extensive flooding following 
drouth may be influenced by their ability to utilize earthworms and 
possibly other terrestrial invertebrates. 
Water conditions in the Drift Prairie area were generally poor 
throughout April of 1971 and pintail numbers decreased sharply from the 
two previous years. Scattered pairs which did remain to nest fed 
predominantly on fairy shrimp where shallow ponds existed and on midge 
larvae that had overwintered in receding semipermanent poids. Earthworms 
were not found in the diet in 1971. 
Discussion 
The findings of this stud) support a hypothesis that availability 
of an aquatic invertebrate supply is a major factor controlling the 
pintail breeding response. Invertebrate supply, in turn.v is controlled 
by existing water conditions. 
Smith (1963:67) noted that the pintail takes advantage of suitable 
breeding conditions when and where it finds them and females respond to 
breeding conditions quickly. A need for invertebrates during egg 
production may be a major factor contributing to the response of this 
species to flooding and drouth. Following flooding of a dried-out shallow 
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wetland basin, certain aquatic invertebrates hatch, grow, and become 
the bulk of the diet of pintail hens during the critical period of 
egg production. Selection of invertebrate foods made available by 
flooding suggests a direct link between an invertebrate food supply 
becoming available as a result of flooding and initiation of pintail 
breeding. Direct relationships among water level fluctuation, food 
supply, and waterfowl breeding have been cited previously by Frith 
(1967) and Braithwaite and Frith (1969). After studying breeding 
cycles of nine species of waterfowl in an Australian swanç), Braithwaite 
and Frith (1969:65) concluded that the most important effects of water 
level changes are on food supply of adult birds which in turn determine 
time of breeding. Food supply was meant to include either plant or 
animal food, with no special significance being attributed to either. 
Their work also indicated that fixed annual factors were more 
influential in initiating the sexual cycle among those species that 
occupied the deep-water habitats of the swanç). 
In view of the positive reproductive response of pintails to flooding 
of shallow wetlands, reduced breeding activity during drouth is under­
standable. Leitch (1964:280) reported that, during the drouth of 1959, 
"loose flocks" of non-breeding pintails and mallards were seen through­
out spring and summer. Smith (1969:120) noted that large numbers of 
waterfowl (including pintails) failed to breed on the Canadian prairies 
even where permanent water and excellent nesting cover were present. 
When extensive drouth occurs in the prairie pothole region, many pintails 
apparently move to northern breeding grounds but are less successful 
there (Smith, 1970:944). 
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Loss of subcutaneous and visceral fat reserves suggest renesting 
hens must obtain fat required for egg formation and energy for incubation 
from daily food intake. Protein reserves that can be mobilized for egg 
production apparently are very limited throughout spring. Maynard and 
Loosli (1962:118) state "that protein consumed in excess of what the 
body can use tends to be wasted insofar as its specific functions as 
protein is concerned since it cannot be stored in any but very limited 
quantities but must be catabolized". Consequently, the need for a hi^i 
quality protein supply in the diet of laying hens presumably exists 
throughout spring while energy or nutrients readily converted to energy 
are most critical to renesting hens late in the breeding season. 
Smaller clutch size among renesting waterfowl have been documented 
by Sowls (1955:132) for pintails and reported widely among waterfowl in 
a review by Dane (1966:396). Loss of fat reserves coupled with a 
continued need for fat to form yolk in clutches laid in late spring 
and early summer suggests that reduced clutch size may be in response 
to the loss of fat reserves during early nesting attempts. Presumably, 
reduction of clutch size is more advantageous to the species than 
reduction of stored energy reserves in each egg because of greater 
survival of the young when provided the additional energy. Lack (1966: 
127) speculated that large fat stores available to newly hatched ducklings 
may permit hens to nest at safer sites away from water. Large reserves 
would seem of particular value to pintail offspring because nest sites 
are often at a considerable distance from wetlands suitable for rearing 
broods. That pintail young are equipped for long movements to water 
without food was shown by an experiment I conducted at the, Northern 
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Prairie Wildlife Research Center during the summer of 1970; Forty 
pintail ducklings given no food after hatching survived an average of 
5.1 days. 
Food supply and accumulated metabolic reserves undoubtedly have 
been major selective forces shaping the evolutionary development of the 
pintail reproductive cycle. Lack (1966:125) has hypothesized 
that average clutch size in waterfowl evolved in relation to average 
availability of food to the hen at the time of laying modified by the 
relative size of the egg. Assuming that pintails have evolved under 
a limited food supply, mechanisms to reduce competition presumably would 
have evolved. It is noteworthy that pursuit flints which tend to 
disperse pairs occur during the nesting season and the greatest 
frequency coincides with egg laying (Smith, 1968:395). This behavioral 
phenomenon tends to place females at some distance from other females 
at the time eggs are being laid so may help insure an adequate food 
supply for hens during early spring when an invertebrate food supply 
is low. Smith (1963:68) noted that males do not respond aggressively 
toward each other during the nesting season thereby permitting more 
flexibility with regard to the distribution of males as water conditions 
changed during the nesting period. Successful crowding of breeding 
pintail pairs into certain preferred ponds was observed during the present 
study. Limited food habits information gathered on pairs seen feeding 
in close proximity suggested that crowding of pre-laying and laying hens 
occurred most frequently in wetland habitat where midge larvae were 
abundant and available because of shallow water depth. However, similar 
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crowding of pairs likely occurs when other aquatic invertebrates become 
highly abundant and readily available. 
That pintail hens require a readily available invertebrate supply 
is suggested when nutrient content of major invertebrate foods are 
considered relative to available fat stores and nutrient needs for egg 
production, data indicate that pintail hens making initial nesting 
attempts have large fat reserves but these do not appear to make the 
species independent of food supply during laying as hypothesized for the 
Ross' goose (Chen rossi) in the arctic (Ryder, 1970:6). Fat deposits 
reduce food intake necessary to meet energy needs and provide fat 
reserves for developing follicles but, just as importantly, these reserves 
enable hens to feed upon foods rich in nutrients other than fat that are 
not stored or synthesized by the body. Hi^ invertebrate consumption 
during egg formation presumably is maintained throughout spring because 
of the marked superiority in the nutrient quality of invertebrates 
compared to seeds. 
Greater consumption of seeds following laying probably reflects 
changes in nutrient demands. While laying waterfowl hens are in need 
of a highly proteinaceous diet, post-laying hens are primarily in need 
of high energy foods. In discussing poultry nutrition, Scott et al. 
(1969:40) note that cereal grains contain relatively high levels of the 
digestible carbohydrate, starch, so are good sources of energy. 
The pintail is among the most widely distributed of waterfowl species 
inhabiting the Northern Hemisphere (Delacour, 1956:132). Various 
morphological, behavioral and physiological adaptations enable the 
species to breed in the most temporary of wetland habitats where an 
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invertebrate food supply soon becomes available after flooding. Pre­
sumably association with this habitat has been a major factor contributing 
to the pintail's widespread dispersal in the Northern Hemisphere. 
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SOME NUTRITIONAL ASPECTS OF PINTAIL REPRODUCTION 
Food habits studies on breeding waterfowl during the past decade 
consistently have shown invertebrates to be the principal constituent 
in the diet of breeding hens during spring and early summer (Perret, 
1962; Bartonek and Hickey, 1969a; Swanson and Nelson, 1971). In this 
study, invertebrate consumption was found to be particularly higji 
among pintail hens when eggs are being produced. The present segment 
of this investigation was undertaken to: (1) evaluate the nutritional 
significance of high invertebrate consumption during the laying period 
and (2) evaluate the relative suitability of non-tilled wetland, tilled 
wetland, and cropland for providing nutrient needs of hens for egg 
production based on the quality of the major foods obtained from them. 
Information on food quality is needed because increasingly 
intensive farming practices are altering the food producing capability 
of a major segment of the existing shallow wetland habitat in the 
prairie pothole region. Pintails and other prairie waterfowl face 
an uncertain future unless their dietary needs are clearly defined and 
management steps taken to provide them. 
Methods 
Samples of several major pintail foods were gathered from wetlands 
in eastern North Dakota during the spring and summer of 1971. Nutrient 
analyses of four wild pintail eggs obtained from separate nests in 
Edmunds County, South Dakota, allowed a conçarison of nutrient content 
of eggs with that of certain major foods occurring in the diet. The 
principal foods consumed by pintail hens in three major foraging 
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habitats are shown in Table 7. Proximate, elemental, and amino acid 
analyses were completed on samples under contract with the WARF 
Institute, Inc., Madison, Wisconsin. Proximate analyses procedures were 
those recommended by the Association of Official Analytical Chemists 
(1970). Elemental analyses were by direct reading emission spectrometry 
using the procedure described by Christensen et al_. (1968). Amino acid 
analysis was by auto analyses according to the procedure described by 
Spackman e;t (1958) . Amino acid information is presented as a 
comparison of amino acid content in a specific food to amino acid 
content in pintail egg (in percent). 
To further evaluate the significance of food habits information 
gathered in the field, a controlled feeding experiment was conducted 
during the spring and early summer of 1971. Twenty-four breeding pairs 
were each placed in separate A-frame pens and were provided with water 
and fed ad libitum. Pen bottoms were covered with plastic to prevent 
soil invertebrates from becoming available to pairs. 
All pairs were on a wheat diet from early March to April 8 when the 
birds were transferred to separate outdoor pens and given one of three 
diets: (1) a pelleted control diet plus oystershell, (2) wheat plus 
oystershell, or (3) wheat. Hens were randomly selected for diet and 
pairs were kept intact when moved from a wintering pen to breeding pens. 
Ten hens were selected for each of the wheat diets while four controls 
were selected for a control diet. A dry sample of the control diet 
contained 23.0 percent protein, 5.9 percent fat, 3.6 percent fiber, 
61 percent carbohydrate, 1.23 percent Ca, .84 percent P and 1.02 
percent K. 
Table 7. Foods consumed by breeding pintail hens (all reproductive stages) on three major foraging 
habitats are compared to diet of laying hens. Only those foods comprising at least 10 
percent of the diet by volume within one category are included. Percent occurrence is 
in parentheses. 
Habitat Type 
Food Item Common Name Laying 
Non-tilled 
Wetland 
Tilled 
Wetland Cropland 
(Number sampled) (31) (39) (14) (10) 
Plant 
Hordeum vulgare 
Triticum aestivum 
Echinochloa crusgalli 
Other 
Barley 
Wheat 
Barnyard grass 
22.9 20.8 
71.1 (93) 
12.4 
10.0 (20) 
68.4 (90) 
5.4 
Total plant matter (all foods) 22.9 20.8 83.5 83.8 
Animal 
Anostraca 
Diptera 
Gastropoda 
Oligochaeta 
Other 
Fairy shrimp 
Midges 
Snails 
Earthworms 
13.9 
19.5 
14.8 
11.0 
17.9 
(29) 
(26) 
(65) 
(16) 
10.9 
14.0 
22.5 
10.1 
21.7 
(21) 
(26) 
(62) 
(13) 
16.5 16.2 
Total animal matter (all foods) 77.1 79.2 16.5 16.2 
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Eggs were gathered daily, set in an incubator every seven days, 
and were candled after one week of incubation to determine fertility 
and viability. Eggs with developing enisryos were returned to the 
incubator to determine hatchability rates. Differences in egg 
production, fertility, and hatchability were tested for statistical 
significance using "students" t-test (Snedecor, 1956). 
Results 
Food Quality 
The principal invertebrate foods consumed by laying hens are 
excellent sources of several essential nutrients required for egg 
production (Table 8). 
Table 8. Nutrient composition of wild pintail egg is compared to several 
major foods occurring in the pintail diet. Percentages are 
presented on a dry weight basis. 
Percent by Dry Weight 
Protein Fat NFE Ash Fiber Ca P 
Pintail egg^ 45.3 51.3 0.0 3.4 - 0.2 0.9 
Fairy shrimp 71.9 8.6 1.5 14.0 3.9 0.3 1.4 
Earthworm 60.2 7.7 12.3 19.4 0.4 0.2 1.0 
Midge larvae 66.4 5.8 14.9 13.1 - 0.5 1.3 
Barnyard grass 14.2 0.5 46.6 7.3 31.3 <0.05 0.6 
Wheat^ 18.2 1.7 75.8 2.0 2.4 <0.025 0.6 
yShell not included. 
Wheat of identical nutrient composition was used in the experiment 
aspect of this study. 
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Protein content of earthworms, midge larvae, and fairy shrimp ranged 
from approximately 3X-5X greater than in wheat and barnyard grass seeds. 
Seeds of native marsh grasses taken on non-tilled wetland habitat 
similarly are poor sources of protein. Sugden (1969:100) reported 
protein levels of 7, 9, and 6 percent in seeds of s loughgrass, whitetop 
(Scolochloa festucea) and mannagrass (Glyceria grandis), three of the 
most frequently consumed seeds on non-tilled wetland habitat. 
A more precise evaluation of protein is projected by its essential 
amino acid content. Scott et al. (1969:57) note that the biological 
value of protein is high only if all essential amino acids are 
contained in a proper ratio to the protein being formed. On the basis 
of data presented in Table 9, the prospect of one or more amino acids 
being deficient in the diet of egg-producing hens is greatest when the 
traditional invertebrate food supply is reduced or eliminated. The 
major invertebrates taken on non-tilled wetlands were excellent sources 
of the essential amino acids needed for egg production. Concentrations 
of seven and nine of the 10 essential amino acids were greater in fairy 
shrimp and midge larvae, respectively, than in pintail egg. None of the 
essential amino acids of wheat or barnyard grass reached a concentration 
that was one-half that of the same amino acid in pintail egg. Barnyard 
grass and wheat were particularly low in the essential amino acids 
lysine and methionine relative to need for egg production. 
An abundant source of hi^ quality protein during laying appears 
needed because the size of the protein component of pintail egg nearly 
equals fat (Table 8), but unlike fat, is not stored in large depots that 
can later be mobilized for egg production. Card and Nesheim (1966:232) 
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Table 9. The relative capability of major foods to supply essential 
amino acids for egg formation. Each statistic is the 
quotient of % amino acid A (food) X 100. 
% amino acid A (pintail egg) 
Amino Acid 
Non-Tilled Wetland Tilled Wetland Cropland 
Fairy 
shrimp 
Midge 
larvae Earthworm Barnyard grass Wheat 
Arginine 108^ 203 177 34 23^ 
Lysine 99 171 144 13 13 
Methionine 125 59 50 9 14 
Cystine^ 66 53 26 8 11 
Tryptophan 67 180 104 20 30 
Isoleucine 268 157 127 33 26 
Leucine 243 122 101 39 23 
Phenylalanine 198 156 74 33 29 
Threonine 242 119 97 21 17 
Valine 209 122 79 27 21 
Histidine 72 178 123 20 26 
Tyrosine^ 274 122 88 25 32 
^Percentages are derived from dry weight measurements of amino acid 
concentration in mg/gm. 
Percentages listed for wheat were derived from essential amino acid 
values reported by Titus (1961). 
''Scott ^  a^. (1969:57) state this amino acid is synthesized by 
chickens but from limited substrates. 
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state that protein is not stored in the body in appreciable amounts but 
rather the surplus to growth or egg production is oxidized as energy. 
This represents a major difference between protein and fat and may be 
an important factor governing high invertebrate consumption during the 
period of egg formation. 
Many seeds have a hi^ fiber content which diminish their food 
value during egg production. Fiber is largely cellulose and lignins 
which cannot be digested by poultry (Scott et a^., 1969:40). Holm and 
Scott (1954:178) state that it is well established among domestic 
poultry that diets low in fiber and hi^ in available energy are most 
efficient. Seeds of barnyard grass were over one-quarter fiber while 
earthworms, midge larvae, and fairy shrimp all contained less than five 
percent fiber (Table 8). Hi^ fiber content of seeds slows the 
digestive process, making accumulation of nutrients for egg production 
more difficult. Food digestibility e3q)eriments by Swanson and Bartonek 
(1970) indicated that midge larvae, amphipods, and snails broke down 
within minutes after being ingested by blue-winged teal while 10 per­
cent of western waterplantain (Alisma triviale) seeds, 74 percent of 
bulrush (Scirpus spp.) seeds, and 94 percent of the slough sedge (Carex 
atherodes) seeds were retained in the upper digestive tract two hours 
later. Bulrush appears to be a particularly poor nutrient source for a 
'V,' 
laying hen because 58 percent ,of the bulrush seeds fed to teal remained 
in the upper digestive tract and 24 percent were in the lower intestine 
and fecal material after 24 hours. 
Calcium, the principal constituent of egg shells, was extremely 
deficient in barnyard grass and wheat while being more plentiful although 
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variable among invertebrate foods regularly consumed (Table 8). Previous 
nutrient analyses of other seeds and invertebrates that are consumed by 
pintails on wintering and breeding areas (Bardwell e^ , 1962; Sugden, 
1969) indicate a similar pattern. Among invertebrate foods tested, 
snail shells were the best source of calcium which may have contributed 
to the importance of this invertebrate in the diet of laying hens. 
Calcium comprised 37.5 percent of the shell of Lymnea palustris, the 
principal snail consumed by pintail hens. While snail shells were an 
excellent source of calcium, phosphorus content was extremely low (.08 
percent). This nutrient was more plentiful in seeds and other invertebrates 
tested (Table 8). 
Vitamin content in various waterfowl foods was not analyzed but may 
also contribute to the superiority of invertebrates in the diet of 
laying hens. Scott et^ (1969:224) noted that Vitamin i-S widely 
distributed in animal foods but not in foods of plant origin. Titios 
(1961:34) states that this vitamin is required for growth and hatch-
ability. 
Experimental Feeding Trials 
Inadequacy of a seed diet during the breeding period was shown by 
results of an experiment I conducted at the Northern Prairie Wildlife 
Research Center. Hens fed wheat (18 percent protein) ad libitum 
experienced significantly lower egg production (P4 0.01), fertility 
(P<O.OS), and hatchability (P<0.01) than controls fed a commercial diet 
containing 23 percent protein (Table 10). 
The test group fed wheat plus oystershell laid significantly fewer 
eggs than did controls (P<0.05) and these eggs had a lower hatchability 
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Table 10. Egg production, fertility, and hatchability among hens on 
control and wheat diets during the spring and early summer 
of 1971. 
Fertility Hatchability 
Diet Number of Eggs (percent) (percent) 
Control 230* 72 37 
Wheat § Oystershell 100 79 10 
Wheat 65 42 2 
^Projected estimate based on egg production of four controls. 
(P<G.05) but fertility did not differ significantly between these diets 
(P>0.10). Egg production, hatchability and fertility of eggs from hens 
on wheat were reduced from hens fed wheat plus oystershell but not 
significantly (P>0.05). Reduced hatchability from a deficiency of 
calcium in the diet has been noted among poultry. Titus (1961:78) in 
reference to chickens, stated that "any pronounced restriction of calcium 
intake is soon followed by a corresponding reduction in hatchability." 
Experimental data indicated that a seed diet not supplemented with oyster­
shell led to nearly complete reproductive failure. However, under 
natural conditions Ca supply may be more stable than protein because 
snail shells remain for a considerable period after the wetland dries 
while animal protein disappears quickly as invertebrate tissues decom­
pose. The frequent occurrence of snail shells in the breeding diet of 
pintail hens suggests that shells are being utilized for their calcium 
content. 
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Weekly egg production of hens on the three diets is plotted in 
Figure 7. The first hens on all diets initiated laying on the same 
date, April 18, but egg production varied widely thereafter. Hens on 
the two wheat diets reached their highest egg production during the week 
of May 9-15 while controls reached peak production the following week. 
Hens fed wheat averaged only 1.6 eggs/hen/week during the week of top 
production. 
Discussion 
Data on nutrient composition of various foods consumed by pintail 
hens indicate that invertebrates provide a laying hen with a rich source 
of several nutrients required for egg production. Wild hens during 
laying appear to feed primarily on foods containing a higher protein 
level than generally recommended in poultry breeder diets. The generally 
hi^ protein content among invertebrate foods consumed by wild laying 
hens may be required because of a limited food supply available to them. 
Digestion apparently is not affected when hi^ levels of protein occur 
in the diet. Scott e;t (1969:67) state that diets with protein levels 
of up to 60-70 percent protein are apparently digested as well as those 
with lower protein levels. 
The poor reproductive response of hens provided wheat ad libitum 
underscores that pintail hens in agricultural areas cannot obtain needs 
for reproduction by feeding on cereal grain alone. A need for invertebrate 
foods indicates that food producing capability of wetlands and the 
availability of foods in them should be major considerations when 
managing habitat for breeding pintails. Limited information suggests that 
Figure 7. Weekly egg production by hens on three diets during spring 
and early summer of 1971. 
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considerable potential exists for improving production of hi^ quality 
foods where water control is possible. McKnight and Low (1969:311) 
indicated that the bottom of a diked section of a spring-fed salt marsh 
in Utah that was drained during August and September of 1967 contained 
a midge larvae population in July of 1968 that was 18X greater than at 
a nearby site continuously flooded for three years. High brood use on 
the drained area caused the authors to suggest drying wetlands for 
several months in late summer to maintain high quality brood-rearing 
habitat. The hi^ nutrient value of fairy shrimp and midge larvae 
relative to needs for egg production suggests that a high priority in 
the prairie pothole region be given to maintaining an abundant supply 
of these foods by: CI) preserving existing shallow wetland habitats 
that are usually dry by mid-summer, and (2) restoration of large wetland 
units that can be developed to include extensive shallow wetland habitat 
through water level control. Development of shallow marsh habitat that 
dries after mid summer appears ideal for pintail production. Hochbaum 
and Bossenmaier (1972) noted that when hi^ precipitation flooded 4200 
acres of St. Andrews Bog, an area in southern Manitoba with only 150 
acres of permanent marsh, in April of 1969, migrant pintails moved into 
the area in large numbers and an estimated 981 broods (149 per square 
mile) were raised on the area. Food supply presumably was a major factor 
affecting the large nesting response. Good nesting cover, low 
prédation, lack of agricultural activities, favorable weather, and 
sufficient rainfall were noted as key factors responsible for hi^i 
production. Present knowledge suggests that the breeding response noted 
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» 
at St. Andrews Bog could be duplicated annually at other sites throughout 
the prairie pothole region with manipulation of water levels and nesting 
cover. 
From a management standpoint, providing an abundant invertebrate 
supply through water level manipulation may be a particularly important 
method for improving the renesting effort. Esophageal contents of 11 
renesting pintail hens collected from May 18 to June 19 in North Dakota 
indicated animal foods comprised 86 percent of their diet. Midge larvae, 
which apparently can be increased markedly by proper water level 
manipulation, formed 38 percent of the animal portion of the diet. 
Wetland drainage is markedly affecting the distribution and availability 
of the aquatic invertebrate food supply of waterfowl in the prairie 
pothole region. Aus (1969:317) reported that 21 percent of all Type III, 
IV, and V wetlands in a 12 county area of northeastern North Dakota were 
drained from 1966-1968. Many of the remaining wetlands throughout the 
prairie pothole area are being used as depositories for water previously 
held in shallow wetland complexes. Increased water depth following 
wetland consolidation reduces the frequency of drying and thereby reduces 
production of several foods which form the bulk of the diet of laying 
hens. The added depth prevents pintails from feeding in benthic habitat 
by tipping so excludes them from their principal foraging niche. These 
deepened ponds also tend to remain ice-covered when pintails and mallards 
are initiating nesting so that foods required for reproduction are not 
available. Moreover, rising water levels increase the likelihood of 
fish populations becoming established, which according to information 
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presented by Swanson and Nelson (1971), may compete for invertebrate 
foods consumed by ducks. Bartonek and Mickey (1969:449) reported that 
following the appearance of fathead minnows (Pimephales promelas) in a 
wetland in southwestern Manitoba, the populations of cladocerans and 
copepods decreased from 34.1 _+ 42.3 ml (95 percent confidence limits, 
n=8) and 2.5 ^  0.5 ml on 11 June (2 weeks before appearance of fish) 
to none of either crustacean in samples taken on 19 August-
Comparing the nutrient content of major foods consumed in tilled 
and non-tilled wetlands with nutrient needs for reproduction suggests 
that alteration of wetland habitat by tillage of bottom soils is highly 
detrimental to the needs of breeding hens. Barnyard grass, which 
formed the bulk of the diet of hens feeding in tilled wetland, was a 
poor source of nearly all nutrients analyzed. Summer fallowing and fall 
plowing remove much of the organic litter that provides the major energy 
source of those low trophic level invertebrates which form the bulk of 
the diet of laying hens so may thereby affect carrying capacity. Pennak 
(1953) states that midge larvae (Chironomidae) are chiefly herbivorous 
and feed on algae, higher aquatic plants and organic detritus while 
fairy shrimp feed on detritus, rotifers, algae, and bacteria. Destruction 
of the resting eggs of fairy shrimp through fall tillage presumably 
reduces population density the following spring. 
Pintails are well adapted to occupying shallow non-tilled wetland 
habitat and seem to fare poorly in more permanent wetland habitats. 
Present evidence suggests that shallow non-tilled wetland habitat serves 
a vital function during the reproductive period, and unless ways are found 
to halt current destruction and alteration of this habitat, sharply 
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reduced numbers of breeding pintails seem probable for the prairie 
pothole region in the future. 
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MERCURY RESIDUES IN LIVER TISSUE AND EGGS OF PINTAILS 
This study was initiated following the discovery of hi^ mercury 
concentrations in tissues of certain seed-eating and predatory birds 
breeding on the plains of Alberta and Saskatchewan (Fimreite et al., 
1970) and the publication of extensive data on mercury poisoning of 
wildlife in Sweden [Borg ejt , 1969). Concern of possible mercury 
contamination of wildlife in North Dakota arose because fungicides 
containing methyl mercury have been widely used in the state for many 
years to treat cereal grain seeds prior to planting. Pintails were 
selected for testing because they feed regularly in planted fields 
during the nesting period. Mercury analyses were undertaken in conjunc­
tion with ongoing research on pintail feeding ecology to determine the 
magnitude of mercury accumulation in breeding pintail hens. Specific 
objectives were to: (1) determine the extent of mercury accumulation 
in liver tissues of hens during the reproductive period, and (2) locate 
sources of mercury available to the birds. 
Because pintails initiate nesting early, a high proportion of the 
hens in 1969 and 1970 probably laid clutches prior to spring planting. 
However, spring farming operations often destroy most of the pintail nests 
located in cropland based on research in Manitoba (Milonski, 1958:220). 
In view of the fact that much of the study area was cropland, it is 
probable that a high percentage of the hens lost their first nests and 
then renested after mercury-dressed seeds became readily available. 
Methods 
Specimens analyzed for mercury were collected during the spring and 
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summer of 1969 and 1970 in Stutsman and Barnes Counties (Figure 8]. In 
the laboratory, ovaries were removed, weighed to the nearest 0.1 gm, and 
placed in Formol-acetic-alcohol (FAA) preservative for later examination. 
The reproductive stage of each hen was determined on the basis of ovarian 
development, and presence or absence of a brood patch. Eggs contained 
within the oviduct were removed intact, weighed and kept frozen until 
prepared for analyses. One Class 2 or 3 duckling was collected from each 
of five broods feeding on natural wetlands during July and August of 1970 
to compare duckling liver mercury content with that of brood hens. 
Liver tissue was selected for analyses because it concentrates and 
retains mercury entering the body (Westermark, 1967). Albumen was 
utilized because it is the principal storage area for methyl mercury in 
eggs (Kiwimâe e^ ^., 1969; Smart and Lloyd, 1963). 
Frozen tissue was deposited in chemically clean 3-dram vials and placed 
in a VerTis freeze dryer. Approximately 0.2 gm of dried tissue from 
each sample was weighed to the nearest 0.001 gm on a Mettler balance and 
sent for analyses. 
Tissues were analyzed for total mercury by Gulf Radiation Technology 
of San Diego, California, using the neutron activation technique. Their 
procedure was as follows: portions of each sample were weighed, sealed 
12 in quartz vials, and irradiated for 3 days at a flux of 10 thermal 
neutrons per cm per sec together with a mercury comparator standard. 
The irradiated samples were digested in the presence of a mercury carrier, 
in a mixture of HNO^ and HgSO^ under reflux condition. Addition of 
HCLO^ and glycine permitted distillation of HgClg. Mercury was electro­
plated from the distillate onto a gold foil cathode, and multichannel 
Figure 8. Sites where pintail hens were collected for mercury analyses during the spring and summer 
of 1969 and 1970. 
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gamma ray spectrometry was used to identify and quantitate mercury. 
Mercury residues values are presented in parts per million on a wet 
(fresh) weight basis. 
Methods and techniques used to gather food habits information were 
similar to those described by Swanson and Bartonek (1970). Land use was 
described at each cropland collecting site, and grain existing near the 
site was examined to determine if it originated from the fall harvest 
or from spring planting. 
Differences in mercury residue among sampled groups were tested for 
statistical significance by the Mann-Whitney U test (Siegal, 1956:116-127). 
Results 
Mercury Residues in Liver Tissue 
Mercury levels in liver tissue of hens collected at various 
reproductive stages are shown in Table 11. Mercury levels within each 
reproductive group varied widely and differences among groups were not 
statistically significant (P>0.05). 
Table 11. Mercury residues (wet weight in ppm) in liver tissue of hens 
during stages of the reproductive cycle. 
Reproductive Collection Number of 
Stage Period Birds Mean +_ SD Range 
Pre-laying May 18-June 19 8 0.490+0.554 0.071-1.630 
Laying April 18-June 25 17 0.914+1.677 0.055-4.540 
Post-laying May 19-June 30 10 0.416+0.527 0.073-1.853 
Brood-rearing June 10-August 12 5 2.660+3.952 0.140-9.512 
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Ten of the 17 laying hens were collected prior to May 6 while all 
other hens were collected after mid-May. Liver mercury residues among 
the seven laying hens taken after mid-May averaged approximately 15X 
those of laying hens taken early in the season (Table 12). The difference 
in mercury concentration was significant (PtO.Ol). Mercury residues 
among laying hens collected during late May and June did not differ 
significantly from those of pre-laying, post-laying and brood-rearing 
hens collected during late spring and summer (P>0.05). Of the seven 
laying hens taken after mid-May, mercury residues were highest in liver 
tissue of three hens nearing completion of their clutches. Liver tissue 
samples from these hens contained mercury residues of 4.169 ppm, 4.509 
ppm, and 4.540 ppm. 
Table 12. Liver mercury residues (wet weight in ppm) among laying hens 
collected in early spring and among laying hens collected in 
late spring and early summer. 
Collection Number of 
Group Period Birds Mean + SD Range 
Early April 18-May 5 10 0.134+0.160 0.055-0.581 
Late May 24-June 22 7 2,028+2.235 0.096-4.540 
Liver mercuiy residues among collected hens that were about to 
initiate laying and those which had completed laying varied only slightly 
(Table 11). Hens in both groups were collected during late May and June 
and had well developed brood patches indicating current or previous 
incubation. Reduced food intake during incubation may have contributed 
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to the lower and less variable residues present in livers of hens from 
these groups. It is noteworthy that all 18 pre- and post-laying hens 
had liver mercury residues of less than 2.0 ppm while 3 of 7 laying hens 
taken during the same period had liver mercury levels exceeding 4.0 ppm. 
The highest mercury residue among the 42 hens analyzed was in 
liver tissue of a brood-rearing hen collected in the Missouri Coteau on 
July 22, 1970. This hen contained a liver mercury concentration of 
9.512 ppm. A Class 2 juvenile with this hen had a liver mercury residue 
of only 0.190 ppm, suggesting the hen had ingested mercury other than in 
the wetland where both the hen and juvenile were feeding on midge larvae 
when collected. Five wild juveniles collected on the study area during 
July and August of 1970 had liver mercury concentrations averaging 0.123 + 
0.074 ppm (mean +_SD). The liver mercury residues of wild juveniles were 
significantly lower than those of brood hens (P<0.05). 
Mercury Residues in Egg Albumen 
Eggs removed from the oviducts of seven laying hens having liver 
mercury concentrations <0.2 ppm had albumen mercury residues ranging from 
approximately one-fifth to three-fifths of those present in their livers 
(Table 13). Two hens with liver mercury concentrations of 4.5 ppm had 
albumen mercury residues of 4 percent and 21 percent of that found in 
their livers. The lower albumen to liver mercury ratio occurred in a 
hen consuming fungicide-treated wheat. The wide difference in mercury 
concentration between liver and egg albumen may be attributable to a 
delay in accumulation from liver to albumen. Smart and Lloyd (1963:738) 
state that a significant mercury residue in chicken eggs was first 
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detected 3 days after hens were fed mercury-treated seeds. 
The chronology of mercury accumulation in egg albumen was similar to 
that of liver tissue. Eggs removed from oviducts of five hens collected 
from April 24 to May 5 averaged 0.034 +_ 0.005 ppm mercury in albumen, 
while four eggs from oviducts of hens collected from May 24 to June 22 
averaged 0.309 ^  0.428 ppm. This difference in mercury residue levels 
is significant (P<0.01). 
Table 13. Mercury residues (wet weight in ppm) in liver and egg albumen 
of eadi collected hen having an egg in the oviduct. 
lien 
Number 
Collection 
Date Liver Albumen 
Liver to 
Albumen Ratio 
1 April 22 0.117 0.030 1:0.26 
2 April 24 0.074 0.029 1:0.39 
3 April 26 0.057 0.032 1:0.56 
4 May 4 0.161 0.034 1:0.21 
5 May 5 0.072 0.044 1:0.61 
6 May 24 4.509 0.161 1:0.04 
7 June 3 4.540 0.948 1:0.21 
8 June 4 0.100 0.052 1:0.52 
9 June 22 0.145 0.076 1:0.52 
Mercury Sources 
Cereal grains treated with mercury-based fungicides appear to have 
been responsible for the highly elevated liver mercury concentrations in 
some hens collected late in the nesting season. Mercury levels in liver 
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of hens taken shortly after spring migration were relatively low but 
rose concurrently with wheat consumption following spring planting 
(Table 14). The difference in liver mercury residues prior to and 
after planting is statistically significant (P<0.01). Two of three 
laying hens with mercury levels exceeding 4.0 ppm were feeding on wheat 
spilled during spring planting operations. The one hen had ingested 
seeds coated with a red dye indicative of fungicide treatment. Federal 
law requires that fungicide treated grain be dyed to warn of its 
content. The other hen was feeding on wheat that had been spilled 
about one month earlier. 
Table 14. Mercury residues (wet weight in ppm) in liver tissue of 
hens collected prior to and after spring planting of grain. 
Wheat content (percent volume) in the diet of these hens 
is compared for the two periods. 
Number of Percent 
Group Birds Mean + SD Wheat 
Pre-planting 11 0.130+0.153 0.055-0.581 2 
Post-planting 31 1.158+2.029 0.071-9.512 19 
IVheat seeds accounted for 68 percent and other cereal grain seeds 
for 16 percent of the diet of 10 lone or paired hens collected while 
feeding in cropland during May and June. Field-feeding by pairs and lone 
hens was noted in April and early May, but peak feeding was observed in 
recently planted fields in late May and June. These fields generally 
had numerous grain spills at sites where the drill box had been filled. 
Grain spillage, ranging from a few kernels to more than one bushel. 
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provided birds with a readily available food source in areas where other 
food appeared scarce. But feeding on cropland was not confined to 
spillage areas. Hens were observed and collected while picking scattered 
wheat kernels from the soil surface along drill rows. Pintails did 
find wheat where it was noticeably scarce. 
Liver mercury residues of five hens collected while feeding on grain 
that remained after planting averaged 1.834 ^  2.290 ppm while three hens 
feeding on waste wheat from the previous harvest had livers averaging 
0.173 _+ 0.127 ppm. A marked difference in mercury content exists 
between mercury-dressed planted wheat and wheat remaining after harvest. 
Statistics presented by Weigand (1971) indicated that the recommended 
dosage of 0.5 f1. oz. of liquid mercurial seed treatment per bushel 
increases the mercury residue of wheat from 0.1 ppm to 10.7 ppm. 
Mercury apparently adheres strongly to seeds following treatment because 
Lindstrbm (1958:287) reported that rinsing of treated wheat with water 
for 10 minutes removed only 3 percent of the mercury that had been 
applied as a liquid mercurial seed treatment (Panogen process). 
Discussion 
Mercury residues in liver tissue and egg albumen of pintail hens 
nesting in North Dakota increased significantly from early spring to 
late spring and summer. Consumption of mercury-dressed cereal grain 
by field-feeding hens in late spring and summer appears at least 
partially responsible for the elevated mercury levels late in the nesting 
season. Seed treatments have been reported as a source of mercury 
present in tissues of certain non-anatid seed-eating species in Sweden 
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(Ljunggren, 1968:124; Borg et , 1969:371), Canada (Fimreite et al., 
1970:274) and the United States (Biihler et ad., 1971). Among waterfowl 
in Canada, Vermeer (1971:144) hypothesized that mercury-dressed grain 
contributed to higher mercury concentrations in eggs of late nesting 
species. 
Mercury content in liver tissue of pintail hens in North Dakota 
was within a similar range as reported for certain seed-eating species 
collected in the plains region of south-central Canada. Sixteen per­
cent of the 31 pintail hens collected in North Dakota during the post-
planting period had liver mercury levels exceeding 2.0 ppm with the 
highest residue being 9.5 ppm. None of the 11 hens collected in early 
spring had residues of this magnitude. In comparison, 23 percent of 53 
seed-eating birds collected in southern Alberta and 4 percent of 26 
seed-eaters from southern Saskatchewan had mercury levels exceeding 2.0 
ppm (Fimreite e^ , 1970). The highest mercury residue among seed-
eating birds reported in their study was 10.2 ppm. These results suggest 
a lower level of contamination than in Sweden where Borg e^ (1969 : 
333) reported that 41 percent of 298 seed-eating birds in 1964 had 
mercury levels exceeding 2.0 ppm. 
A lack of information on the effect of various concentrations of 
mercury on waterfowl reproduction limits our ability to evaluate the 
findings reported here. Assuming pintails are as sensitive to mercury 
accumulation as pheasants (Phasianus colchicus) , hatchability may have 
been reduced by mercury late in the nesting season when albumen mercury 
residues were increasing concurrent with rising mercury concentration in 
liver tissue. Experimental studies with pheasants have indicated that 
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hatchability declined significantly when hen liver mercury levels 
reached 3-13 ppm (Fimreite e;t al^., 1970) and egg mercury levels ranged 
between 0.5-1.5 ppm (Fimreite, 1971:28). Three of seven laying pintail 
hens collected in the post-planting period had liver mercury residues 
exceeding 3.0 ppm and one of nine pintail eggs had an albumen mercury 
residue exceeding 0.5 ppm. 
Although mercury-dressed grain appears to be responsible for the 
highly elevated mercury levels in tissues of some pintail hens, aquatic 
foods likely contributed to the mercury residues contained in pintail 
tissues. Statistics of the U. S. Bureau of Sport Fisheries and Wildlife 
(1971) indicate that mercury residues in breast muscle of diving ducks 
collected throughout the United States during the fall of 1970 averaged 
3.4X greater than in dabblers. Divers seldom feed on cropland so 
mercury presumably is from the aquatic environment. Swanson et al. 
(1972) reported liver mercury concentrations of up to 2.316 ppm in the 
shoveler (Anas clypeata), a dabbling species which feeds entirely on 
invertebrates in aquatic habitats. Shovelers were collected in the 
same general area of eastern North Dakota as were the pintail hens. 
Data from this study indicated that invertebrates comprised 77 percent 
of the diet of feeding pintail hens collected while in the laying stage 
of the reproductive cycle. Those laying hens feeding on wheat were 
nearing completion of their clutches. 
The origin of mercury found in young and adult pintails that pre­
sumably was obtained from wetlands is unknown. Studies elsewhere have 
shown that tissues of waterfowl and other aquatic birds taken at sites 
subject to industrial mercury pollution contain relatively hi^ mercury 
74 
residues [Dustman et al., 1972; Fimreite et al., 1971). Hannerz (1968: 
133) reported that 32 days after a single dose of methylmercuric 
hydroxide was added experimentally to pond water, mercury concentration 
in aquatic invertebrates and submerged parts of aquatic plants ranged 
up to 8470X and 3200X, respectively, above the mercury concentration in 
the pond water. 
Mercury contamination of the aquatic environment poses a long-term 
threat even with adoption of stringent control measures on future 
pollution because of inability to remove the mercury already there. 
Mercury accumulation in seed-eating wildlife which feed in cropland 
appears to be more readily brought under control. Wanntorp e;t a^. (1967) 
reported a marked reduction in mercury levels among wood pigeons (Columba 
palumbus) in Sweden within a year after alkyl mercury seed treatments 
were banned and use of all seed dressings reduced. 
If non-mercurial fungicides are substituted for seed dressings con­
taining mercury, care must be exercised to insure that compounds selected 
as replacements are not also highly toxic. One potential replacement, 
thiram (jbis ( dime thy 1th iocarb amy 1) disulfidej , when applied as a seed 
dressing at a concentration of 100 ppm, caused a 30 percent decline in 
egg production and a 60 percent decline in hatchability among red-legged 
partridge (Alectoris rufa) in an experimental study in France (Grolleau 
and Biaddi, 1966:250). Land use in the prairie pothole region is 
devoted principally to cereal grain farming. Therefore, waterfowl and 
other wildlife are ir. close proximity to cropland and several species 
frequently feed there. Hence, removal of potentially destructive seed 
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treatments from the market probably will be necessary to.prevent their 
accumulation in seed-eating wildlife. 
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SUMMARY 
Certain dietary aspects of the breeding biology of the pintail were 
investigated from 1969 through 1971 in eastern North Dakota. Food habits 
were studied relative to land use, reproductive condition, nutrient 
requirements for egg development, and mercury accumulation in hen pintail 
liver tissue and eggs. 
Food habits data indicate a major shift in diet from animal to plant 
foods following tillage of wetlaiid bottoms. Plant foods formed 88.6 +. 
10.4 (mean +^95 percent confidence limits) percent of the diet of 21 
pintails collected on flooded tilled wetland habitat and 33.8 _+ 11.0 
percent of the esophageal contents of 53 pintails feeding on shallow non-
tilled habitat. Invertebrates accounted for 79.2 ^  9.9 percent of the 
diet of 39 hens and 30.0 +_ 24.2 percent of the diet of 14 drakes on non-
tilled habitat while comprising 16.6 +.15«5 percent of the diet of 14 
hens and 1.1 ^  2.2 percent of the diet of seven drakes on flooded tilled 
wetland habitat. 
Plant foods accounted for 86.5 +_ 15.7 percent of the diet of twelve 
field-feeding pintails. Animal matter consisted of aquatic invertebrates 
that had been consumed prior to field-feeding. Wheat formed 68 percent 
of the 83.8 _+ 18.8 percent plant matter in .the diet of ten hens. 
Invertebrate intake by pintail hens varied with reproductive 
condition. Invertebrates comprised 56.0 +^27.1 percent of the diet during 
pre-laying, 77,1 11 6 percent during laying, and 28.9 +_ 21.1 percent 
during post-laying. Invertebrate content in the diet differed 
significantly between laying and post-laying (P<0.01). Fairy shrimp. 
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dipteran larvae, snails, and earthworms formed 95 percent of the 
animal portion of the diet of 31 laying hens. these foods were consumed 
on shallow non-tilled wetland habitats that frequently undergo drying 
during summer and fall. Consequently, availability of invertebrate 
foods sought by laying hens varies widely from year to year depending 
on the extent of early spring flooding. Earthworms were the first 
invertebrate food to be consumed on shallow wetlands after precipitation 
in mid-April of 1970. Saturation of the soils and flooding forced 
earthworms to the surface and consumption began almost immediately. 
Fairy shrimp became a major food item two to three weeks after flooding 
of shallow wetland bottoms in early spring of both 1970 and 1971. Midge 
larvae consumption was highest during May when comprising 24 percent of 
the entire esophageal contents of hens. Various dipteran larvae and 
snails were found in the diet throughout spring and early summer. 
Hens in early spring had large subcutaneous and visceral fat reserves 
but these were depleted during early nesting attempts. Mean carcass 
weight +_ SD declined from 675.5 ^  68.3 gms in April to 569.9 57.8 gms 
in May and 537.7 ^  46.9 gms in June. Visceral fat had disappeared by 
mid-May and carcass wei^ts of pre-laying, laying, and post-laying hens 
varied only slightly after May 15. Renesting hens that were about to 
initiate laying after mid-May had carcass weights averaging 181 gms (25 
percent) less than pre-nesting hens collected in April. Loss of major 
energy reserves during early nesting attempts presumably increases the 
need for an abundant food supply late in the breeding season. It was 
suggested that smaller clutch size among renesting waterfowl may be 
directly related to loss of fat reserves early in the season. 
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Nutrient analyses indicate that the major invertebrate foods taken 
on non-tilled wetlands were generally better sources of certain 
essential nutrients required for egg production than were seeds. 
Proximate analyses of fairy shrimp, midge larvae, and earthworms 
indicated a protein content of 72 percent, 66 percent, and 60 percent, 
respectively, on a dry weight basis. Barnyard grass and wheat, the 
dominant foods consumed on tilled wetlands and cropland were 14 and 18 
percent protein, respectively. An evaluation of essential amino acid 
composition of foods relative to needs for egg formation, indicated 
invertebrates were highly superior sources of all essential amino acids. 
Barnyard grass and wheat were particularly low in lysine and methionine. 
The inability of hens to synthesize these amino acids and to mobilize 
body protein for egg development may be major factors contributing to 
high invertebrate uptake during the laying period. 
The need for an available invertebrate supply during laying was. 
further suggested by the results of an experimental study with captive 
pairs. Hens -fed only wheat experienced nearly complete reproductive 
failure. Egg production, fertility, and hatchability among birds on wheat 
were reduced significantly from those of the control diet (P<0.05) but 
did not differ significantly between wheat and wheat plus oystershell 
diets CR>0.05). Controls laid significantly more eggs than did hens on 
wheat plus oystershell (P^O.05) and their eggs had a higher hatchability 
rate (P<0.05). Potential for improving waterfowl production by manipu­
lation of the invertebrate food supply during the nesting period was 
discussed particularly in regard to increasing the renesting effort. It 
was recommended that a hi^ priority in the prairie pothole region be 
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given to; (1] preserving existing shallow wetland habitat that usually 
undergoes drying by mid-sununer, and to (2) restoring large wetland units 
that can be managed to include extensive shallow habitat through water 
level control. Factors affecting wetlands that appear detrimental to 
pintail production are discussed. 
Liver tissue of 42 pintail hens analyzed for total mercury by the 
neutron activation method averaged 0.888 +_ 1.796 ppm (mean +_ SD) mercury. 
Mercury concentration ranged from 0.055 ppm to 9.512 ppm (wet weight). 
Mercury levels among laying hens collected in early spring were 
significantly lower than among laying hens taken late in the nesting 
season (P<0.01). Mercury content in the albumen of eggs removed from 
oviducts of laying hens increased concurrently with mercury content in 
liver tissue late in the nesting season. Two of three laying hens with 
mercury levels exceeding 4 ppm were feeding on planted wheat when 
collected and one had wheat kernels in its esophagus which had been coated 
with a fungicide. Mercury residues in liver tissue were consistently low 
in early spring but increased significantly among hens collected in the 
period following planting (P<0.01). Mercury residues among pre-laying, 
laying, post-laying, and brood-rearing hens collected during the post-
planting period did not differ significantly (P>0.05). When food habits 
are viewed in relation to information from this study and the literature, 
fungicide-treated grain appears responsible for the hi^ levels found in 
some hens. However, foods taken in the aquatic environment also appear 
to contribute to mercury residues found in liver tissue and eggs. 
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